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CDF &')�5XQ��E�8SJUDGHV
l 5XQ��E�8SJUDGHV�6WHHULQJ�&RPPLWWHH

É0HPEHUV��
� *�%DXHU�0,7��*�&KLDUHOOL�3LVD��)�&KOHEDQD�)1$/���+�)ULVFK�&KLFDJR��
0�/LQGJUHQ�8&/$��3�/XNHQV�)1$/��7�2KVXJL�+LURVKLPD��/�5LVWRUL�3LVD��
0�6FKPLGW�<DOH��-�6SDOGLQJ�)1$/��$�<DJLO�)1$/

É &KDUJH
� 5HYLHZ�RSWLRQV�IRU�VLOLFRQ�UHSODFHPHQW�NHHSLQJ�LQ�PLQG�WKH�JXLGDQFH�
IURP�WKH�/DERUDWRU\�IROORZLQJ�$VSHQ�3$&�PHHWLQJ�
Ç a����PLOOLRQ���ZLWK�FRQWLQJHQF\
Ç VL[�PRQWK�VKXWGRZQ�ODWH�������HDUO\�����
Ç HIIHFWLYH�RSHUDWLRQ�IRU�KLJK�OXPLQRVLW\�UXQQLQJ�XS�WR����IE��

� 5HYLHZ�XSJUDGHV�IRU�QRQ�VLOLFRQ�V\VWHPV
Ç ,QWHUQDO�SURSRVDOV�GXH�ODWHU�WKLV�PRQWK
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CDF 2EMHFWLYHV
l 3UHVHUYH�DQG�H[WHQG�&')·V� SK\VLFV�FDSDELOLWLHV�LQWR�5XQ��E

É 6HDUFK�IRU�D�ORZ�PDVV�+LJJV�DQG�FRQWLQXH�WKH�VHDUFK�IRU�686<
É 3UHFLVLRQ�PHDVXUHPHQWV�RI�&.0�HOHPHQWV
É 7RS�TXDUN�SURGXFWLRQ�DQG�GHFD\�SURSHUWLHV
É &RQWLQXHG�VWXGLHV�LQ�4&'�DQG�HOHFWURZHDN�SK\VLFV

l 0XFK�RI�WKH�SURJUDP�GHSHQGV�RQ�WKH�SHUIRUPDQFH�RI�WKH�VLOLFRQ�WUDFNHU
É E�WDJJLQJ
É VLOLFRQ��VWDQGDORQH��WUDFNLQJ�IRU�SVHXGRUDSLGLW\�EHWZHHQ���DQG��
É �'�WUDFNLQJ�DQG�YHUWH[�ILQGLQJ
É H[FHOOHQW�LPSDFW�SDUDPHWHU�UHVROXWLRQ��HVSHFLDOO\�LQ�WUDQVYHUVH�SODQH�
É FRPSDWLELOLW\�ZLWK�6LOLFRQ�9HUWH[�7ULJJHU

l 5XQ��VLOLFRQ�GHVLJQHG�WR�VXUYLYH���IE���ZLWK�KLJK�GHJUHH�RI�FRQILGHQFH
É ,GHQWLI\�ZKDW�QHHGV�WR�EH�GRQH�QRZ�WR�LQVXUH�WKDW�&')�FDQ�JR�WKH GLVWDQFH
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CDF &')�5XQ��E�6LOLFRQ�:RUNLQJ�*URXS

1.LBNL, 2. INFN-Padova, 3. Purdue, 4. Duke, 5. FNAL, 
6. Rutgers, 7. Florida State, 8. New Mexico, 9. Pittsburgh, 

10.UC.Davis, 11. Tsukuba, 12. Wayne State, 13. Texas Tech, 
14. Okayama, 15. Toronto, 16. Carnegie Mellon

J .Incandela/FNAL – Chair

Workshops Held March-August 2000
Full Report Submitted to PAC October 2000
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CDF /LIHWLPH�&DOFXODWLRQV
l (YDOXDWH�WZR�FKDUDFWHULVWLFV�RI�HDFK�OD\HU�

���6LJQDO�WR�1RLVH�5DWLR��6�1���
� 5HTXLUH�6�1�!�����IRU�/��

� /���LV�QRW�UHTXLUHG�DEVROXWHO\�IRU�SDWWHUQ�UHFRJQLWLRQ��
� 5HTXLUH�6�1�!�����IRU�,6/�DQG�69;,,

� %HORZ�����WUDFN�HIILFLHQF\�GURSV�SUHFLSLWRXVO\�IRU�����_η_����
� 697�WULJJHU�HIILFLHQF\�LV�VLPLODUO\�VHQVLWLYH�WR�6�1�LQ�69;,,

���%LDV�YROWDJH�UHTXLUHG�IRU�IXOO�GHSOHWLRQ��9GHS���
� :KHQ 9GHS�� JUHDWHU�WKDQ�WKH�ELDV�YROWDJH�WKDW�FDQ�EH�DSSOLHG��WKH�U�φ VWULS�

LQIRUPDWLRQ�ZLOO�EH�ORVW�
l 3UHVFULSWLRQ��

� )RU�HDFK�OD\HU��HVWLPDWH�WKH�XQFHUWDLQWLHV�TXDQWLWDWLYHO\
� ,QIODWH�XQFHUWDLQWLHV�E\�D�VDIHW\�IDFWRU������
� $GMXVW�TXDQWLWLHV�E\�WKHVH�XQFHUWDLQWLHV�WR�REWDLQ�´VDIHµ�OLIHWLPHV�

l 6DIH�OLIHWLPHV�DUH�WKH�PD[LPXP�LQWHJUDWHG�OXPLQRVLWLHV�WKDW�FDQ�EH�
UHDFKHG�ZLWK�UHDVRQDEO\�JRRG�SUREDELOLW\��

l 1R�JXDUDQWHH�WKDW�WKH�VDIH�OLIHWLPHV�ZLOO�EH�H[FHHGHG�
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CDF /LIHWLPH�&DOFXODWLRQV��GHWDLO�

l 8VH�5XQ���DQG�WHVW�EHDP�'DWD�WRJHWKHU�ZLWK�WKHRUHWLFDO�
PRGHOV�RI�UDGLDWLRQ�GDPDJH�HIIHFWV�WR�PDNH�SUHGLFWLRQV�
IRU�5XQ���
É 6HQVRU�5DGLDWLRQ�GDPDJH��PDLQO\�QXFOHDU�UHDFWLRQV�LQ�WKH�EXON

� /HDGV�WR�ERWK�KLJKHU�OHDNDJH�FXUUHQW��,/���DQG�FKDQJHV�LQ�GRSDQW�
FRQFHQWUDWLRQ�ZKLFK�DIIHFW�WKH�GHSOHWLRQ�YROWDJH

É 5XQ���GDWD��GLUHFW�QRUPDOL]DWLRQ�RI�,/�YV LQWHJUDWHG�OXPLQRVLW\�
� 8VH�WKLV�WR�H[WUDFW�IOXHQFHV�

É &RPELQH�ZLWK�WKHRUHWLFDO�PRGHO�WR�SUHGLFW�5XQ���VHQVRU�GHSOHWLRQ
YROWDJHV�DQG�OHDNDJH�FXUUHQWV�YV LQWHJUDWHG�OXPLQRVLW\

É &KLS�GDPDJH��PDLQO\�VXUIDFH�GDPDJH�
� &RPELQH�5XQ���LRQL]LQJ�GRVH�GDWD�ZLWK�WHVW�EHDP�VWXGLHV�RQ�69;�'
� 'HWHUPLQH�VKRW�QRLVH�YV LQWHJUDWHG�OXPLQRVLW\
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CDF 8QFHUWDLQWLHV���GHWDLO�
l 8QFHUWDLQWLHV�ZKLFK�FDQ�EH�EUDFNHWHG�V\VWHPDWLFDOO\�

� 'DPDJH�FRHIILFLHQW�α
� 7HPSHUDWXUH�YDULDWLRQV�DQG�UDGLDO�GHSHQGHQFH�RI�GRVH�
� 9DULDWLRQ�RI�GRVH�LQ�φ

Ç 5XQ���GDWD�REWDLQHG�IRU�ODGGHUV�IDUWKHVW�IURP�WKH�SODQH�RI�DFFHOHUDWRU��
Ç 5DGLDWLRQ�PRQLWRUV�LQGLFDWH�����KLJKHU�GRVH�LQ�WKH�SODQH�RI�WKH�DFFHOHUDWRU

l ,QWDQJLEOHV��
� 7HPSHUDWXUH�F\FOHV��HYHQ�EULHI�ZDUP�XSV�LQFUHDVH�UDG�GDPDJH�
� 5DGLDWLRQ��0DQ\�WKLQJV�FKDQJHG�DQG�DUH�KDUG�WR�SUHGLFW

Ç 0RUH�PDWHULDO�	�FDORULPHWHU KHUPHWLFLW\ PHDQV�PRUH�VHFRQGDULHV 	�QHXWURQV
Ç +LJKHU�OXPLQRVLW\�PHDQV�PRUH�EHDP�JDV�DQG�KDOR�EDFNJURXQGV�

l 6DIHW\�)DFWRU
� 8VH�D�VDIHW\�IDFWRU�RI������DV�XVHG�E\�/+&�H[SHULPHQWV��WR�LQIODWH�
XQFHUWDLQWLHV�DQG�WKHUHE\�GLPLQLVK�OLIHWLPHV�WR�UHDVRQDEOH�´VDIHµ�OLPLWV�
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CDF /RQJHYLW\�E\�/D\HU
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* DOIM = Dense Optical Interface Module, located on port-card
# Assumes biasing possible after type inversion (NOT clear!)
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CDF 69;�,,��/��DQG�/���GHWDLOV�
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We can’t apply much bias 
to the p-side of Micron 
silicon without generating 
a lot of noisy strips.

When this silicon type-
inverts, there’s a chance 
it can no longer be 
biased.  We have not 
assumed this worst-case 
condition in our lifetime 
estimates.

After inversion, it will not 
be possible to deplete it 
for as long as we had 
hoped.  
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CDF 3$&�4XHVWLRQV�IRU�&')
l :KDW�DUH�WKH�UHODWLYH�PHULWV�DQG�LPSOLFDWLRQV�RI�WKH�IROORZLQJ�

VWUDWHJLHV�"
É $��5HSODFH�RQO\�/D\HU���
É %��5HSODFH�/D\HU����DQG�RQO\�WKH�LQQHU���RU���OD\HUV�RI�69;,,
É &��&RPSOHWH�UHEXLOG�RI�/D\HU����DQG�69;,,

l :RUNLQJ�*URXS��:*��VKRUW�DQVZHU�
É $��5HDVRQDEOH�RQO\�LI /D\HU����DQG�WKH�LQQHU�PRVW�OD\HU�RI�69;,,���/�����������

DUH�WKH�RQO\ OD\HUV�XQDEOH�WR�VXUYLYH�5XQ��E�
É %��6RPH�VHULRXV�SUREOHPV�

� /���DQG�WKH��VW �QG �UG DQG��WK OD\HUV�RI�69;,,�PD\�DOO�QHHG�WR�EH�UHSODFHG
� 5HTXLUHV�D�VKXWGRZQ�RI�a��\HDU��HYHQ�IRU�RQO\�RQH�RU�WZR�OD\HU�UHSODFHPHQW�
� $�ODUJH�SURMHFW�ZLWK�PDQ\�WHFKQLFDO�ULVNV
� 3RVVLEOH�GHJUDGDWLRQ�RI�SHUIRUPDQFH

É &��0RUH�SURPLVLQJ�
� 6FDOH�RI�SURMHFW�LV�QRW�WKDW�PXFK�ODUJHU�WKDQ�D�SDUWLDO�69;,,�SURMHFW�
� $�VKXWGRZQ�RI���PRQWKV�RU�OHVV�LV�UHTXLUHG
� )HZHU�WHFKQLFDO�ULVNV�DQG�LW�LV�HDVLHU�WR�UHWDLQ�RU�HYHQ�LPSURYH SHUIRUPDQFH�
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CDF -XVW�5HSODFH�69;,,�"
l ([DFW�UHSODFHPHQW�RI�69;,,�OD\HUV�

É 5HTXLUHV�GRXEOH�VLGHG��'6��VLOLFRQ��
� 0LFURQ�DQG�OHVV�H[SHULHQFHG�FRPSDQLHV�DUH�WKH�RQO\�YHQGRUV�

Ç +3.�KDV�VDLG�WKH\�ZLOO�QRW�PDNH�'6�VLOLFRQ�DQ\PRUH
� '6�VLOLFRQ�LV�QRW�UDGLDWLRQ�KDUG��VR�QRW�JDLQ�PXFK�

É:KDW�DERXW�XVLQJ�VLQJOH�VLGHG��66��VLOLFRQ�"
� � VHQVRUV�IRU�HDFK���XVHG�EHIRUH
� $W�VPDOO�UDGLL�QHHG�GLUHFW�EXON�FRROLQJ�WR�≤ �R &�	�KLJK�ELDV�YROWDJHV

É$�YHU\�VLJQLILFDQW�FKDOOHQJH�WR�GHVLJQ�D�GRXEOH�WKLFN�VLOLFRQ�ODGGHU�
ZLWK�LQWHJUDWHG�FRROLQJ�WKDW�ILWV�LQWR�H[LVWLQJ�69;,,�EXONKHDGV�
7KH�ODWWHU�DUH�QRW�GHVLJQHG�WR�SURYLGH�LQWHUQDO�FRROLQJ�

É 6XFK�D�ODGGHU�ZRXOG�EH�PRUH�FRPSOLFDWHG�WKDQ�DQ\WKLQJ�GHDOW�
ZLWK�IRU�5XQ��D���

É8QDWWUDFWLYH�DOWHUQDWLYH�LV�WR�GURS�VWHUHR�DQG�XVH�RQO\�D[LDO�VHQVRUV
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CDF 7LPH�5HTXLUHG

l 5HXVH�RI�DQ\�SDUW�RI�WKH�H[LVWLQJ�69;,,�ZRXOG�UHTXLUH�DQ�
HVWLPDWHG�����WR����PRQWK�VKXWGRZQ�
É (YHQ�LI�RQH�RU�WZR�OD\HUV�RI�ODGGHUV�DUH�VDYHG�DQG�WUDQVIHUUHG�DQG��

DOO�RWKHU�OD\HUV�DUH�SUH�EXLOW�RQ�QHZ�VXSSRUWV�EHIRUH�WKH�VKXWGRZQ��
WKH�HVWLPDWHG�WLPH�RII�WKH�DLU�LV�����WR����PRQWKV�

É 5H�XVH�RI�WKH�H[LVWLQJ�EXONKHDGV�PHDQV�WKH�UHTXLUHG�VKXWGRZQ�ZRXOG�
EH�PXFK�ORQJHU�

É ,Q�DOO�FDVHV��WKH�VKXWGRZQ�SHULRG�ZRXOG�EH�HQWLUHO\�WLPH�FULWLFDO�
� $Q\�GHOD\V�WKDW�RFFXU�LQ�UHEXLOGLQJ�DGG�WR�WKH�WLPH�RII�WKH�DLU�
� 7KHUH�LV�HVVHQWLDOO\�12�FRQWLQJHQF\
� 7KHUH�DUH�ULVNV�

Ç 'DPDJH�WR�ODGGHUV�GXULQJ�GLVDVVHPEO\
Ç 'DPDJH�WR�SRUW�FDUGV�DQG�FDEOHV
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CDF &RPSOHWH�5HSODFHPHQW�6FHQDULR
l %XLOG�D�FRPSOHWH�69;,,���/D\HU����UHSODFHPHQW

É 1RW�D�VPDOO�SURMHFW�EXW�LW�DSSHDUV�WR�EH�WKH�PRVW�UHDVRQDEOH�FKRLFH
l 7KHUH�DUH�DGYDQWDJHV

É :KHQ�WKH�QHZ�V\VWHP�LV�UHDG\��WKHQ�GR�D�FRPSOHWH�VZDS��
� 7KH�VKXWGRZQ�ZRXOG�EH���PRQWKV��PD\EH�OHVV�
� $OO�WKH�PRVW�FULWLFDO�FRQVWUXFWLRQ�VWHSV�FRXOG�EH�FRPSOHWHG�EHIRUH�WKH�

VKXWGRZQ
É 7KH�QHZ�V\VWHP�FRXOG�EH�EHWWHU�DV�D�PDWWHU�RI�FRXUVH

� 0RUH�UDGLDWLRQ�KDUG��SURYLGLQJ�VRPH�LQVXUDQFH
� 6RPHZKDW�OHVV�PDWHULDO��HVSHFLDOO\�LPSRUWDQW�DW�VPDOO�UDGLL

l :KDW·V�UHTXLUHG
½ 0XVW�JHW�VWDUWHG�RQ�WKH�FKLSV����
½ 7DNH�DGYDQWDJH�RI�DQDO\VLV�RI�WKH�5XQ��D�SURMHFWV�DQG�QHZ�UDGLDWLRQ�

KDUG�WHFKQRORJLHV�DQG�VWUHDPOLQHG�GHVLJQV�DQG�FRQVWUXFWLRQ�
WHFKQLTXHV�GHYHORSHG�IRU�&(51�/+&�WUDFNHUV��H�J��&06��
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CDF $Q�([DPSOH
l 7KH�:RUNLQJ�*URXS�GHYHORSHG�DQ�H[DPSOH�RI�D�FRPSOHWH�

UHSODFHPHQW�RI�69;,,�DQG�/D\HU���
É 7KLV�LV�QRW�D�SURSRVDO�IRU�D�VSHFLILF�OD\RXW��6RPH�WLPH�UHPDLQV�IRU�

GHWDLOHG�VWXGLHV�WR�GHFLGH�RQ�
� 1XPEHU�RI�OD\HUV
� 5DGLL�RI�OD\HUV
� 6WULS�SLWFKHV�
� 6WHUHR�DQJOHV
� 3L[HOV

É 7KH�H[DPSOH�GRHV�KRZHYHU�LGHQWLI\�
� 7KH�DSSUR[LPDWH�VFDOH�IRU�D�FRPSOHWH�UHSODFHPHQW
� $�PHWKRGRORJ\�IRU�VWUHDPOLQHG��ORZ�FRVW�SURGXFWLRQ
� &RPSRQHQWV�WKDW�QHHG�WR�EH�DGGUHVVHG�YHU\�VRRQ�DV�D�UHVXOW�RI�ORQJ�
GHYHORSPHQW�RU�SURGXFWLRQ�OHDG�WLPHV�
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CDF
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%DVLF�&RQFHSW
l /HDYH�,6/�DV�LV�
l ��1HZ�5DGLDO�*URXSV�LQVLGH�,6/

É 2XWHU��MXVW�LQVLGH�JUHHQ�FLUFOH�
� .HHS�LW�VLPSOH�

Ç 2QO\�WZR�VLQJOH�VLGHG�VHQVRU�GHVLJQV
Ç 2QO\�RQH�GRXEOH�VLGHG�K\EULG�GHVLJQ�
Ç FDUERQ�ILEHU�VXSSRUWV�ZLWK�FRROLQJ

É ,QQHU��LQVLGH�EOXH�FLUFOH�
� 'HVLJQ�WR�ODVW�PLQLPXP�RI����IE���

� ,QWHJUDWHG�FRROLQJ�DW�ORZHU�WHPS�
� 7ZR�RXWHUPRVW�OD\HUV�Z�VLPSOH�

GHVLJQ�
Ç 2QO\�WZR�VLQJOH�VLGHG�VHQVRU�GHVLJQV
Ç /���VW\OH�K\EULG�GHVLJQ

� ,QQHUPRVW�OD\HU��/���UHSODFHPHQW�
Ç ([DFW�UHSODFHPHQW
Ç 3L[HOV
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CDF

~ 64 cm 

SVXII-b
 

 ISL

Layer 00'

 

7KH�([DPSOH���GHWDLO�
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CDF &RPSDULVRQ�ZLWK�69;,,���GHWDLO�
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CDF &06�&RQFHSW��GHWDLO�
l 2XWHU�6HFWLRQ�XVHV�VLPSOH�VLQJOH�

VLGHG�PRGXOHV�DQG�&06�URG�
FRQFHSW
É $[LDO�VWULS�PRGXOHV
É 6KDOORZ�VWHUHR�PRGXOHV

l 5RG
É ,QWHJUDWHV�FRROLQJ�DQG�FDEOHV
É 'XDO�YLHZV�REWDLQHG�E\�VWDFNLQJ�

VLQJOH�VLGHG�PRGXOHV
l 5RGV�LQVWDOO�LQWR�VLPSOH�ZKHHO�

VXSSRUWV
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CDF &06�:KHHO�6XSSRUW���GHWDLO�
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CDF &06�5RG�6XSSRUW��GHWDLO�
Uses only stereo modules made up of two single-sided 
modules. These are installed back to back with small 
overlap in z in boxlike “rod”. Rods install in C-fiber 
endplate system like COT field sheets. CMS achieves 
very high precision alignments from one rod to next. 
They are also easily swapped in and out. 
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CDF 7KH�([DPSOH��,QQHU�6HFWLRQ

• Innermost layer on beam pipe could be 
the same as Layer 00 or it could be pixels.

• The other two layers can be like Layer 00 
with electronics outside the tracking 
volume:

• Integrate cooling & support structure 
mechanics as in L00 and CMS. With 
all electronics outside the tracking 
volume, the cooling system inside the 
tracking volume is minimized.

• Low mass inner layers for excellent 
impact parameter resolution and 
minimization of secondaries.

• Could remove z ambiguities with 
fine-pitch cables. 
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CDF ��OD\HUV�RXWVLGH�/����GHWDLO�
l %XLOG�&�ILEHU�VXSSRUW�F\OLQGHUV�

ZLWK�SRO\JRQDO�FURVV�VHFWLRQ
l ,QVWDOO�VLQJOH�VLGHG�VLOLFRQ�XVLQJ�

ORQJ�NDSWRQ�UHDGRXW�FDEOHV�
É 7KLV�LV�VLPLODU�WR�/D\HU����
É 7UDFHV�FDQ�KDYH�ODUJHU�SLWFK�DQG�

OHVV�FDSDFLWDQFH
l &RROLQJ�FDQ�EH�LQWHJUDWHG�LQWR�

WKHP�GLUHFWO\
l 6LOLFRQ�FDQ�EH�PRXQWHG�LQVLGH�DQG�

RXWVLGH�WR�REWDLQ�VWHUHR�YLHZV�
l 6WHUHR�FDQ�EH�VKDOORZ�RU���R

É 1HHG�QRW�GHFLGH�QRZ

C Fiber skin
Cooling tube

Single-sided
axial strips sensor

Fine pitch kapton
signal cables

Kapton layer

Honeycomb 
or Foam

Single-sided 90o 
stereo strips sensor
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CDF 6KHOO�6XSSRUW��GHWDLO�

l $W�VPDOO�UDGLL��&DUERQ�)LEHU�VKHOOV�FDQ�EH�XVHG�WR�VXSSRUW�PRGXOHV
É &06�LV�XVLQJ�PROGHG�F\OLQGHUV�ZLWK�LQWHJUDWHG�FDEOHV�DQG�FRROLQJ

� 0RGXOHV�DUH�LQVWDOOHG�RQ�ERWK�WKH�H[WHULRU�DQG�LQWHULRU�LQ�RUGHU WR�PDLQWDLQ�]�RYHUODS
É ,Q�/D\HU����ZH�XVH�PROGHG�VKHOOV�ZLWK�FRROLQJ�WXEHV�UXQQLQJ�XQGHU�OHGJHV

� 6LOLFRQ�LV�LQVWDOOHG�RQ�WKH�IODW�VHFWLRQV�DQG�DOO�HOHFWURQLFV�DUH�RXWVLGH�WKH�WUDFNLQJ�
UHJLRQ
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CDF 7KH�([DPSOH��GHWDLOV�
Layer R [cm] Nphi chips pitch hybrid pitch width total chips cumulative phi coverage
L0A-1 1.35 6 1 0.0025 0.005 0.84 36 36 59%
L0A-2 1.65 6 2 0.0025 0.005 1.48 72 108 86%
L1A 3.5 12 2 0.0035 0.007 1.992 144 252 109%
L1S 3.5 12 2 ? 0.007 1.992 144 396 109%
L2A 5.25 18 2 0.0035 0.007 1.992 216 612 109%
L2S 5.25 18 2 ? 0.007 1.992 216 828 109%
L3A 8 12 4 0.0028 0.0084 4.5008 288 1116 107%
L3S 8 12 3 ? 0.0112 4.5008 216 1332 107%
L4A 12 18 4 0.0028 0.0084 4.5008 432 1764 107%
L4S 12 18 3 ? 0.0112 4.5008 324 2088 107%
L5A 16 24 4 0.0028 0.0084 4.5008 576 2664 107%
L5S 16 24 3 ? 0.0112 4.5008 432 3096 107%

l 7RWDO�LQVWDOOHG�FKLS�FRXQW�RI�69;,,���/��� ���������� �����
l 7KLV�H[DPSOH�KDV������LQVWDOOHG�FKLSV�
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CDF 7KH�&KLSV
l 3UHVHQWO\�+RQH\ZHOO�69;�'

É 7KHUH�DUH�WRR�IHZ�UHPDLQLQJ�IRU�$1<�OHYHO�RI�UHEXLOG
É +RQH\ZHOO�,VVXHV�

� &')�H[SHULHQFH�ZLWK�+RQH\ZHOO�ZDV�QRW�VR�JRRG�
Ç /RZ�DQG�LQFRQVLVWHQW�\LHOGV
Ç +LJK�IDLOXUH�UDWH�DIWHU�GLFLQJ�DQG�RQ�K\EULGV
Ç /RQJ�OHDG�WLPHV

� +RQH\ZHOO�KDV�ERRVWHG�SULFH�VLJQLILFDQWO\�WR�a��N��SHU�ZDIHU�ZLWK�
DOPRVW�QR�\LHOG�RU�VFKHGXOH�DVVXUDQFHV��

l 2SWLRQV
� ���+RQH\ZHOO�DW�KLJK�FRVW�DQG�ULVN�⇐ :*�UHFRPPHQGV�DJDLQVW�WKLV�
� ���8VH�DQ�H[LVWLQJ�/+&�FKLS��H�J��&06�$39����

Ç 7KLV�UHTXLUHV�VLJQLILFDQW�FKDQJHV�WR�'$4�DQG�FDEOH�LQIUDVWUXFWXUH��
� ���'HYHORS�6XE�PLFURQ�69;��⇐ :*�UHFRPPHQGV�WKLV�RSWLRQ�

É *UHDW�SURJUHVV�DW�1RY����PHHWLQJ�RI�,&�H[SHUWV�RQ�2SWLRQ��
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CDF 6XE�PLFURQ�&KLS�����GHWDLO�

l 2SWLRQ���UHFRPPHQGHG�
É 7HFKQRORJ\�KDV�HYROYHG��FRPPHUFLDOO\�DYDLODEOH������µP�SURFHVV�KDV�

EHHQ�VWXGLHG�DQG�DSSOLHG�IRU�+(3��H�J��&06�$39��)1$/�)3,;�
� %HWWHU�SHUIRUPDQFH��ORZHU�QRLVH�
� ,QWULQVLFDOO\�UDGLDWLRQ�KDUG�ZLWK�VSHFLDO�GHVLJQ�UXOHV
� /RZ�FRVW��KLJK�\LHOGV��UHDVRQDEOH�OHDG�WLPHV

É 7ZR�SRVVLEOH�DSSURDFKHV�IRU�&')
���&RPSOHWH�UHGHVLJQ�XVLQJ�DSSURSULDWH�PRGHOV�DQG�GHVLJQ�UXOHV�

� /RQJHU�OHDG�WLPH��FKLSV�DYDLODEOH�����
���7UDQVIRUP�H[LVWLQJ�FLUFXLW��UHGR�RQO\�WKRVH�HOHPHQWV�WKDW�PXVW�EH�

UHGRQH
� ([SORUDWRU\�VWXG\�XQGHUZD\��/%/�3DGRYD�
� 3RVVLEOH�VXEPLVVLRQ�WKLV�PRQWK��026,6�² 760&�

� 1HZ�SUH�DPS�ZLWK�ORZHU�QRLVH�KDV�EHHQ�LQFOXGHG�
� 9HULI\�PRGHOV�DQG�SURFHVV

� a��\HDU�HVWLPDWHG�E\�/%1/�EXW�WKHUH�LV�VRPH�WHFKQLFDO�ULVN
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CDF �����µP�&RQYHUVLRQ��GHWDLO�

l 3UHDPS�OD\RXW�GRQH��SLSHOLQH�DQG�VKLIW�UHJLVWHU�OD\RXW�LQ�SURJUHVV
l 1HZ�PDQSRZHU�IURP�3DGRYD
l ,QWHUIDFH�VFKHPH�ZRUNHG�RXW
l $QDORJ�WHVW�FKLS��VKRZQ�DERYH��WR�026,6���������

É ��SUHDPSV�ZLWK�WUDQVLVWRU�YDULDWLRQV
É ��SLSHOLQHV
É (QFORVHG�WUDQVLVWRU�WHVW�VWUXFWXUHV
É ��FHOO�VKLIW�UHJLVWHU
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CDF ,QWHUIDFH�WR�����9�FKLS��GHWDLO�

l 0LQL�3&�VFKHPH�ZRUNV�IRU�ERWK�69;�'�RU�QHZ������µP�FKLS
l +RQH\ZHOO�;&95�FKLS�GLIIHUHQWLDO�RXWSXWV�FDQ�EH�FRQILJXUHG�DV�

FRPSOHPHQWDU\�&026�RXWSXWV
l 'LIIHUHQWLDO�RXWSXWV�KDYH�GHGLFDWHG�SRZHU�SLQ�WKDW�FDQ�EH�FRQQHFWHG�WR�

���9

5V
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5V
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5V
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5V
TX

5V
TX

Power and
bias supplies

From DAQ
control &
timing

To DAQ
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HybridMini Port Card
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Junction Port Card
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CDF 3RUWFDUGV�'$4���GHWDLO�

l ,VVXHV�IRU�FXUUHQW�SRUWFDUG �3&�
� &RPSDWLELOLW\�ZLWK�D�QHZ�FKLS������9�OHYHOV�QHHGHG�
� 3&�0DWHULDO�LQ�WUDFN�YROXPH
� 9ROWDJH�UHJXODWRUV�PD\�QRW�VXUYLYH�GRVH
� '2,0V�PD\�QRW�VXUYLYH�GRVH�DQG�KDYH�WR�EH�UHSODFHG�ZLWK���������������
&RSSHU�'2,0V RU�9&6(/V

l 1HZ�0LQL�3&��P3&��DQG�-XQFWLRQ�3&��-3&��6FKHPH
É;0,7�5(&9�VFKHPH�OLNH�,6/�ZKHUH�3&�LV�IDU�IURP�ODGGHUV
É -3&�RXWVLGH�WUDFNLQJ�YROXPH�DQG�P3&�QHDU�RU�RQ�WKH�K\EULG

� /RZ�PDVV�FDEOH�EHWZHHQ�P3&�DQG�-3&
É -3&�XVHV�H[LVWLQJ�+RQH\ZHOO�;&95�DQG�''5�FKLSV

� +DYH�HQRXJK�;&95��QHHG�''5V�
ÉP3&�ZRXOG�XVH�H[LVWLQJ�;&95��EHOLHYHG�FRPSDWLEOH�ZLWK�����9�
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CDF 6FKHGXOH�,VVXHV
l )LQDO�FKLSV�QHHGHG�RQH�\HDU�EHIRUH�WKH�GDWH�WR�LQVWDOO�D�

FRPSOHWHG�V\VWHP�LQVLGH�,6/�
É:LWK�FKLSV�LQ�KDQG�E\�HQG�RI������RU�HDUO\������ZH�FDQ�EH�UHDG\�

IRU�D�VKXWGRZQ�VRPHZKHUH�LQ�WKH�SHULRG�IURP�ODWH������WR�PLG�
�����

l 1HHG�WR�LPPHGLDWHO\�EHJLQ�DQ�5	'�HIIRUW�DQG�SURWRW\SH�
É0RGXOH�DQG�VXSSRUW�PHFKDQLFV�DQG�FRROLQJ
É )LQH�SLWFK�FDEOHV��TXDOLI\�QHZ�YHQGRUV�
É0LQL�3&�VFKHPH�DGGUHVV�&X�'2,0�LVVXHV
É+\EULGV��XVH�H[LVWLQJ�69;�'�FKLSV�

l 6KRXOG�ILQDOL]H�OD\RXW�HDUO\�LQ�������
É 6LOLFRQ�RUGHUHG�LQ�HDUO\�WR�PLG������ZLWK�GHOLYHU\�E\�HDUO\������
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CDF

Task Name Start Duration

Run 2b Silicon Project Wed 09/27/00 845 days

 Electronics and DAQ Wed 09/27/00 710 days

 Front end Chip Wed 09/27/00 560 days

Initial design Wed 09/27/00 320 days

pre-production chips Wed 12/19/01 90 days

production chips Wed 04/24/02 150 days

Portcards Wed 09/27/00 450 days

Hybrids Wed 09/27/00 710 days

Hybrid Initial design Wed 09/27/00 150 days

Hybrid Prototypes Wed 04/25/01 150 days

Hybrid Pre-production Wed 04/24/02 120 days

Hybrid Production Wed 11/20/02 150 days

Signal Cables Wed 09/27/00 473 days

Mechanics Wed 09/27/00 600 days

Support Structures Wed 09/27/00 600 days

Frames Wed 09/27/00 540 days

Rods Wed 09/27/00 600 days

Cooling and Interlocks Wed 09/27/00 540 days

Silicon Wed 09/27/00 540 days

Module Production Wed 08/29/01 500 days

Module Prototypes Wed 08/29/01 120 days

Module Pre-production Wed 04/24/02 120 days

Module Production Wed 01/01/03 150 days

Module Final Asembly Wed 07/31/02 365 days

Support Structure Assembly Wed 07/31/02 140 days

Support Alignment Wed 02/12/03 40 days

Installation of Modules on rods/shells Wed 01/08/03 150 days

Installation of rods/shells Wed 05/14/03 90 days

Installation of portcards Wed 09/17/03 30 days

Final system testing Wed 10/29/03 20 days

Install Screen Wed 11/26/03 20 days

Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4
2001 2002 2003

6FKHGXOH�&RQVLGHUDWLRQV

Chips are needed for all 
plausible and likely 
replacement scenarios.

Availability of production 
chips for hybrids precedes 
completion of system by ~ 
1 year.

Production chips can be 
here by early 2003 or 
sooner if we apply 
resources in earnest now.

Critical path: chips →
hybrids → modules → final 
assembly
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CDF 5XQ���$VVHPEO\�5HFRUG
Cummulative  Ladde r and Wedge  Production at SiDe t
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CDF 3UHOLPLQDU\�&RVW�(VWLPDWH

l )XOO�UHSODFHPHQW�VFHQDULR��
É PHFKDQLFV�DQG�FRROLQJ�QHHGV�UHILQHPHQW

� )<���5	'�LV�FULWLFDOO\�LPSRUWDQW
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CDF 3L[HO�&RQFHSW�

/���5HSODFHPHQW�
���µP�[�����µP�SL[HOV
���[�����SL[HOV�FKLS
��FKLSV�SHU�PRGXOH
���PRGXOHV�VWDYH
���$7/$6�VWDYHV��LQ�φ�
����PRGXOHV
�����UHDGRXW�FKLSV
����0�WRWDO�FKDQQHOV

���0UDG�VXUYLYDELOLW\
6�1�!��������JRRG�U�φ UHVROXWLRQ����
]�UHVROXWLRQ����� ����µP�DW�VPDOO�UDGLXV�
&KDOOHQJH��NHHS�PDWHULDO�EHORZ������;��
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CDF 3L[HOV��
3L[HOV�SURYLGH�VXSHULRU�SDWWHUQ
UHFRJQLWLRQ�FDSDELOLWLHV�E\
YLUWXH�RI�ILQH�VHJPHQWDWLRQ�LQ�]�

,PSRUWDQW�IRU�UHVROYLQJ�WUDFNV
IURP�E·V�LQ�KLJK�S7�MHWV�IURP�WRS�

(VSHFLDOO\�DWWUDFWLYH�RSWLRQ�LI
D�SL[HO�UHSODFHPHQW�IRU�/��
FRXOG�SURYLGH�VXIILFLHQW�]
LQIRUPDWLRQ�WR�FRPSHQVDWH�IRU
WKH�ORVV�RI�/���PD\EH�HYHQ�/��"�

Z strip length [cm]
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CDF 3L[HO�&RQFHSW�

$7/$6�:DIHU
6HQVRUV�LQ�SURGXFWLRQ
6PDOO�PRGLILFDWLRQV�QHHGHG�IRU�

XVH�LQ�&')

)3,;��FKLS
([LVWV�LQ������µP�DQG
VXUYLYHV����0UDG
1H[W�YHUVLRQ�LV�H[SHFWHG�WR
EH�WKH�SURGXFWLRQ�FKLS
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CDF 3L[HOV��GHWDLO���

3RVLWLRQ�UHVROXWLRQ�VWXGLHV�LQ
'HFHPEHU������WHVW�EHDP
ZRUN�E\�)HUPLODE�UDGLDWLRQ
KDUG�YHUWH[�JURXS�XVLQJ
$7/$6�VW\OH�VHQVRUV�DQG
)3,;��%7H9��FKLSV�

3UHFLVLRQ�WUDFNLQJ�LQ�WKH
KLJK�UDGLDWLRQ�HQYLURQPHQW
RI�WKH�FROOLGHU�FRXOG�EH
NH\�IRU�PDNLQJ�GLVFRYHULHV
SULRU�WR�WKH�WXUQ�RQ�RI
WKH�/+&�
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CDF 3L[HO�&RVW�DQG�6FKHGXOH�

&RVW�VKDULQJ�ZLWK�%7H9�DQG�'��FRXOG�
FXW�WKH�&')�DORQH FRVW�LQ�KDOI�

������
$FFRPSOLVK�)<���5	'�LWHPV

�����
2UGHU�VHQVRUV�DQG�UHDGRXW�

FKLSV�
%XLOG�PHFKDQLFDO�DQG�'$4�

SURWRW\SHV
%HJLQ�PRGXOH�DVVHPEO\

������
)LQLVK�PRGXOH�DVVHPEO\�DQG�

WHVWLQJ�
%XLOG�DQG�DVVHPEOH�VWDYHV
'$4�SURGXFWLRQ
)LQDO�DVVHPEO\�DQG�WHVW
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CDF 6LOLFRQ�:RUNLQJ�*URXS�&RQFOXVLRQV

l /LIHWLPHV�HVWLPDWHV�IRU�WKH�5XQ��D�VLOLFRQ�
É &DQ�QRW�JXDUDQWHH�WKDW�/����69;�,,�/��/��/��/��ZLOO�VXUYLYH�5XQ��E�

� :LWK�GDWD��a����IE�����LW�ZLOO�EH�SRVVLEOH�WR�EH�PRUH�SUHFLVH�DERXW�KRZ�
H[WHQVLYH�WKH�UHSODFHPHQWV�ZLOO�KDYH�WR�EH�

� 0D\�RQO\�QHHG�WR�UHSODFH�/���«�EXW�PD\�DOVR�QHHG�WR�UHSODFH�PRVW RI�
69;�,,�DV�ZHOO�

l 1HHG�WR�SUHSDUH�IRU�WKH�ZRUVW�DQG�KRSH�IRU�WKH�EHVW�
É 3XVK�DKHDG�TXLFNO\�ZLWK�D�QHZ�FKLS�LQ�RUGHU�WR�KDYH�SURGXFWLRQ�FKLSV�

DYDLODEOH�LQ�HDUO\������RU�VRRQHU�
É 5HTXHVW�D�UHODWLYHO\�PRGHVW�DPRXQW�RI�UHVRXUFHV�IRU�5	'�LQ�)<���

� 'HYHORS�DQG�SURWRW\SH�QHZ�SRUW�FDUG��K\EULG��PHFKDQLFV��DQG�FRROLQJ�
� 3XUVXH�'$4�LVVXHV�IRU�SL[HO�RSWLRQ�DQG�SURWRW\SH�PHFKDQLFV�DQG�FRROLQJ�
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CDF )<���5	'�5HTXHVW

l 6WULSV�
É 3ULRULW\�LV�WKH�FKLS�GHVLJQ��7KH�FKLS�KDV�WKH�ORQJHVW�OHDG�WLPH� )<���5	'�

PXVW�LQFOXGH�SURWRW\SHV�RI�QHZ�K\EULG�DQG�SRUW�FDUG��6LPSOH�PRGXOH�FRQFHSW�
DQG�VLPSOH�VXSSRUW�FRROLQJ�VWUXFWXUHV�VKRXOG�EH�SURWRW\SHG�

l 3L[HOV��
É 0XFK�FKLS�VHQVRU�ZRUN�LV�RQ�JRLQJ��IRU�%7H9�
É 1HHG�WR�IRFXV�RQ�&')�VSHFLILF�PHFKDQLFDO��H�J��FRROLQJ��DQG�'$4�LVVXHV��
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CDF &RQFOXVLRQV
l $OWKRXJK�GHVLUDEOH�WR�KRSH�WKDW�WKH�UDGLDWLRQ�HVWLPDWHV�DUH�WRR�

SHVVLPLVWLF��LW�LV�QRW�ZLVH�
l 7KH�)<���5	'�UHTXHVW�UHSUHVHQWV�WKH�EHVW�LQVXUDQFH�IRU�FRQWLQXHG DQG�

HIIHFWLYH�RSHUDWLRQ�RI�&')�LQ�5XQ��E��&')�UHTXHVWV�WKDW�WKHUH�EH D�
GHFLVLRQ�WR�VXSSRUW�WKLV�5	'�SURJUDP�FRPLQJ�RXW�RI�WKLV�3$&�PHHWLQJ�

l &')�ZDQWV�WR�GHWHUPLQH�WKH�DSSURSULDWH�VLOLFRQ�UHSODFHPHQW�VWUDWHJ\�
DQG�SUHSDUH�IRU�WKH�UHSODFHPHQW�WR�WDNH�SODFH�LQ��������7KLV�UHTXLUHV�
É 5	'�LQ�)<��
É &RQWLQXHG�GLDORJXH�ZLWK�WKH�/DERUDWRU\�RQ�SDUWLFXODUV�RI�WKH�DFFHOHUDWRU�

XSJUDGH�VFKHGXOH
É (IIRUW�WR�H[WUDFW�WKH�PD[LPXP�LQIRUPDWLRQ�RQ�WKH�VLOLFRQ�SHUIRUPDQFH�LQ�

5XQ�D�
É 'HWDLOHG�VWXGLHV�RI�SDUWLFXODU�CZKDW�LI·�VFHQDULRV�

l :H�QHHG�WR�GHFLGH�XSRQ�DQG�VWDUW�D�UHSODFHPHQW�SURMHFW�LQ�)<��
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CDF 3DUWLDO�5HSODFHPHQW��GHWDLO�
l 3UH�EXLOG�DV�PXFK�DV�SRVVLEOH���������

�H�J��WKH�LQQHU�VHFWLRQ��
É /D\HU����ZLWK�VLQJOH�VLGHG�K\EULGV�

ZRXOG�EH�EXLOW�DV�GHIDXOW
É 3L[HOV�FRXOG�EH�LQVWDOOHG�LI�UHDG\
É /���/���ZLWK�VLPSOH�VLQJOH�VLGHG�

K\EULGV�DQG�ORQJ�UHDGRXW�FDEOHV
� 6LQJOH�VLGHG�VHQVRUV�EDFN�WR�EDFN�

ZLWK����GHJUHH�VWHUHR

l 2XWHU�VHFWLRQ
É 0DNH�QHZ�DQQXODU�EXONKHDGV�WR�

VXSSRUW��69;,,�ODGGHUV
É :RXOG�VHHN�WR�UHXVH�69;,,�OD\HUV�

����
� 6SDUHV�QHHGHG��a����"��PHDQV�PRUH�

GRXEOH�VLGHG�VLOLFRQ�QHHGV�WR�EH�PDGH
É 3UH�DVVHPEOH�DV�PXFK�DV�SRVVLEOH�

WKHQ�WUDQVIHU�ODGGHUV�IURP�69;,,
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CDF 3UHOLPLQDU\�&RVW�(VWLPDWHV

l %RWK�UHTXLUH�VLOLFRQ��FKLSV��K\EULGV��SRUW�FDUGV��FDEOHV��EHDP�SLSH
l )XOO�UHSODFHPHQW�VFHQDULR��

É PHFKDQLFV�DQG�FRROLQJ�QHHGV�UHILQHPHQW
� )<���5	'�LV�FULWLFDOO\�LPSRUWDQW�

l 3DUWLDO�UHSODFHPHQW�VFHQDULR��
� �'RHV�QRW�LQFOXGH�DGGLWLRQDO�&00·V�IRU�EDUUHO�DVVHPEO\�VWDWLRQV�
� )<���5	'�ZLOO�LQFOXGH�ZRUN�RQ�´EDUUHO��µ�WR�XQGHUVWDQG�GLVDVVHPEO\�LVVXHV


